The present study aimed to explore the biochemical, hematological 
INTRODUCTION
Sleep is important for the maintenance of physiological homeostasis and psychological balance. Disturbance or shortening of normal sleep is associated with an irregularity of the neuroendocrine control of appetite and increased risk of diabetes (1, 2) . In accordance, sleep deprivation has been reported to disturb many vital processes including gene expression related to metabolic processes, response to stress and inflammation, circadian sleep/wake cycles, regulation of cell proliferation and various signaling pathways (3) . Moreover, sleep deprivation has been reported to increase plasma glucocorticoids in both human and rodents (4) , and leads to augmentation of the aging process and gradual damage to brain cells (5) . In addition, sleep restriction to four hours for three consecutive nights was found to increase leuckocytic count, mainly neutrophils in young healthy men (6) . Also, sleep deprivation has been found to elevate parameters of humoral immunity, including serum IgG, IgA, IgM, and cytokines C3 and C4 (7) . Acute total and short-term partial sleep deprivation resulted in elevated high-sensitivity C-reactive protein (CRP) concentrations, a stable marker of inflammation that has been shown to be predictive of cardiovascular morbidity (8) (9) (10) . In addition, inflammation has been reported to increase blood brain barrier permeability and to play a central role in the development of numerous disorders of the central nervous system (CNS) (11) . Whereas, recovery sleep has been reported to ameliorate the adverse effects of sleep deprivation on physiological process and restore the antioxidant balance (12) Ginger is an herbal remedy contains very potent antiinflammatory and antioxidant compounds including 6-shogaol, 6 
MATERIALS & METHODS

Animals:
Sprague Dawley rats (200±30g) were obtained from the animal house of the National Organization for Drug Control and Research (NODCAR), Egypt. The animals were kept under standard laboratory conditions of light/dark cycle (12h /12h) and temperature (25 ± 2C°). They were provided with a nutritionally adequate standard laboratory diet. All experiments were carried out in accordance with institutional guidelines established by the animal care and use committee of the National Organization for Drug Control and Research (NODCAR), Egypt.
All chemicals used were of analytical grade.
Experimental design: A total number of 60 rats were used in the study and divided equally into two sets, one for the biochemical, hematological and histological studies and the other for blood brain barrier study. Each set is divided into five groups,1) control group, where the animals had normal sleep; 2) sleep deprivation (SD) group, the animals sleep deprived for 5 days; 3) sleep deprivation and ginger (SD+G) group, the animals were administered ginger (500mg/ kg, p.o, day) for 8 days, starting 3 days before sleep deprivation for 5 days; 4) ginger (G) group, the animals were administered ginger (500mg/ kg, p.o, day) for 8 days. Recovery sleep (RS) group, the animals were allowed to have normal sleep for two days after sleep deprivation for five days.
Sleep deprivation
Animals were sleep deprived for 5 days by placing them on a grid suspended over water (20) . Briefly, they were placed on a grid floor (29×15×7 cm) inside the plastic cage filled with water to 1 cm below the grid surface. The stainless steel rods of the grid (3 mm wide) were set 2 cm apart from each other. Food and water were provided ad libitum. After sleep deprivation session, the animals from different groups were sacrificed; blood was collected in plastic centrifuge tubes containing 0.01% ethylenediaminetetraacetic acid (EDTA) as anticoagulant and antioxidant. Blood was centrifuged at 4 ºC for 15 min at 3000 rpm and plasma was stored at -80ºC until further processing. The animals were dissected and hearts were obtained.
Determination . Protein determination was carried out using colorimetric method (26) . Erythrocyte sedimentation rate, total and differential leucocytic count were carried out using the method of Simmons and Bernard (27) . C-reactive protein was detected with ELISA kit for rats (Genway Biotech, Inc., CA, USA), with the normal level being less than 0.5 mg/ml. To assess the stress effect of sleep deprivation, corticosterone was measured with ELISA kit for rats (Genway Biotech, Inc., CA, USA). Histopathological preparation was carried out according to method of Carleton ad Drury (28) . Blood brain barrier integrity was determined using the method described by Mikawa et al (29) using Evans blue (EB) dye. In brief, after the last session of sleep deprivation, EB dye (4 ml/kg, 2%) was administered intraperitonealy and allowed to circulate for 60 min. The animals were then anaesthetized with thiopental (50mg/ kg, ip) and perfused with saline through the left ventricle at a flow rate 10 ml/ min for 15 min. until colorless fluid was obtained from the right atrium. Afterwards, the brains were removed and dissected into brain cortex, midbrain and brain stem. The brain areas were weighed and homogenized in 3.5 ml phosphate-buffered saline and vortexmixed for 2 min after the addition of 2.5 ml of 60% trichloroacetic acid to precipitate protein. The samples were then cooled in ace for 30 min and centrifuged for 30 min at 1000 r.p.m. The absorbance of the supernatants for EB dye was measured at 610 nm with a spectrophotometer. EB dye content is expressed as μg/mg of brain tissue against a standard curve.
Statistical Analysis
Data presented as means ± SE. One-way ANOVA followed by LSD test were used to evaluate significant differences from the control and sleep deprived groups. P<0.05 was considered to be statistically significant.
Statistical processor system support (SPSS) for Windows software, release 10.0 (SPSS, Inc, Chicago, IL) was used.
RESULTS
Oxidative stress parameters:
Sleep deprivation induced significant decrease in the level of GSH, increased GSSG level and disturbed GSH/GSSG ratio in the heart and blood plasma. Ginger treatment to SD rats maintained the levels of reduced glutathione and the GSH/GSSG ratio around the normal level (Tables 1 & 2) . Recovery sleep was powerful than ginger to maintain the levels of reduced glutathione and the GSH/GSSG ratio around the normal level (Tables 1&2). Plasma levels of the stress hormone corticosterone in sleep deprived rats insignificantly increased in comparison to control animals (SD: 6.22 ± 0.58 g/dl, control: 5.11 ± 0.65 g/dl). Minor changes were detected with other treatments (Table 3 ). Sleep deprivation significantly decreased level of vitamin C and total antioxidant activity, whereas increased the levels of MDA and protein carbonyls (Tables 3, 4, 5 & 6). Ginger treatment to SD rats significantly minimized the decreasing effect of SD on vitamin C concentration and total antioxidant activity, and also minimized the increasing effect of SD on MDA and protein carbonyls levels in both the heart and blood plasma (Tables 3, 4 , 5, & 6). Sleep recovery was powerful than ginger in keeping the normal levels of vitamin C and total antioxidant activity, and prevented the increasing effect of SD on levels of MDA and protein carbonyls in both the heart and blood plasma (Tables 3,  4 , 5& 6).
Inflammatory parameters:
Sleep deprivation induced significant increase in the levels of total and differential leucocytic count, especially in neutophiles, increase ESR and the level of total IgGs, and did not change the level of CRP. Both ginger treatment and recovery sleep significantly minimized the aforementioned effects of sleep deprivation (Tables 7 & 8 ).
Blood brain barrier permeability:
Data in table 8 showed that sleep deprivation induced significant increase in blood brain barrier permeability in the tested brain areas. Both ginger and recovery sleep minimized the effect of sleep deprivation (Table 9) .
Histopathology:
Sleep deprivation for 5 days induced histological abnormalities manifested as hemorrhage, red blood cells aggregates and inflammatory cells within cardiac muscles. In addition, sleep deprived rats showed multi focal areas of degenerated cardiomyocytes with dislocated and pyknotic nuclei (Fig. 3, 4 , 5, 6 &7). Ginger treatment alone (Fig. 8) did not differ from normal cardiac tissue (Fig.  1&2 ). Concurrent administration of ginger to sleep deprived rats greatly minimized the adverse effect of sleep deprivation (Fig. 9) . Recovery Sleep group showed a remarkable ameliorative effect and minimized the adverse effect of sleep deprivation (Fig. 10 ). 
DISCUSSION
In the present study, sleep deprivation reduced the total antioxidant activity, indicating the occurrence of oxidative stress and increased susceptibility to oxidative damage. The depressed levels of vitamin C and reduced glutathione with disturbed ratio of GSH/GSSG, beside the increased levels of MDA and protein carbonyls might support this claim. Moreover, the observation that recovery sleep considerably reversed the effect of sleep deprivation and restored the normal permeability might indicate that the effect of sleep deprivation is temporally and reversible. The protective effect of ginger treatment to blood brain barrier may be due to its antioxidant and anti-inflammatory properties
In addition, the present study showed that weakened antioxidant defense system and the inflammation resulted from sleep deprivation was enough to induce histological damage. It's worthy to note that sleep deprivation might mimic the body's neuroendocrine response to stressful circumstances.
Consistently, administering the hormones normally released during stressful exposures also impairs sleep quality, affects immune function and disturbs sleep and waking rhythms (34) . The observation that ginger caused significant amelioration in sleep deprivation-induced oxidative stress in plasma and heart of rats, as compared with those sleep deprivation group might indicate an antioxidant property of ginger. Ginger not only prevented the increase in free radical damage to lipids, but also greatly lessened depletion of reduced glutathione, one of the body's most important internally produced antioxidants. In addition, ginger prevented the histopathological abnormalities under sleep deprivation. In accordance, several studies indicated that ginger has antioxidant, anti-inflammatory, and antitumor activities (13,35,36) . It's worthy to note that stress exposure leads to strong increases in the plasma levels of glucocorticoid stress hormones whereas in the present study plasma level of corticosterone after sleep deprived rats insignificantly increased in comparison to the control rats. In accordance, earlier studies have shown that severe sleep restriction does not lead to persistent increases in glucocorticoid levels (37) . In fact, undisturbed and spontaneously behaving rodents, for example, eating and grooming, show mild increases in plasma corticosterone levels. This might indicate that sleep adverse effect are not stress earnings of sleep deprivation.
In addition, it seems that there is a mutual correlation between inflammation and oxidative stress (38) . Moreover, it is likely that the mechanism of action that underlies ginger's anti-inflammatory effect is to suppress the pro-inflammatory compounds (cytokines and chemokines) produced by leukocytes (immune cells) and suppressing the release of free radicales.
In accordance to our result, a recent study indicated that aqueous extract of ginger along with paraben significantly ameliorated parabeninduced lipid peroxidation in the liver of mice (39) . Moreover, an in-vitro study showed that five diarylheptanoids (1-5) isolated from the roots of ginger (Z. officinale) were capable of scavenging free radicals and inhibiting lipid peroxidation (40) . In addition, pretreatment with ginger extract prevented the hepatotoxic effect and oxidative and damage of bromobenzene in rats (41) . The study indicated that sleep deprivation adverse effects are mediated, in part, through inflammatory reactions and oxidative stress. Ginger offered a protective effect through its antioxidant and antiinflammatory properties. Recovery sleep showed a restorative effect against sleep deprivation effects. In addition, recovery sleep represents the regenerative power of the body to regain the normal physiological homeostasis after the riddance of the external insult.
